Introduction
Thyrsites atun (Cape snoek) is a medium-sized, pelagic predator and has been an important commercial marine fish species in South Africa since the early 1800s. 1 Initially, snoek was caught with hand lines and trawled after 1960, but today it forms part of a diverse informal, artisanal and commercial fishery industry. South African snoek can be found in temperate waters from the West Coast to the East Coast of South Africa. 1, 2 In the Cape (West Coast) region of South Africa, snoek is an important source of readily available and affordable protein to many medium-and low-income households. Snoek is prepared in several different ways, from oven baking and microwave cooking to cooking over flames or coals (locally known as 'braaing') and smoking.
Among the food resources of the world, fish and fishery products are very important sources of animal protein.
The high nutritional quality and health benefits of consuming marine fish and fishery products have been well documented over many years [3] [4] [5] [6] [7] as the fishing industry has become a fast-growing industry focused on healthy eating. Most of the focus has been on the health benefits of n-3 polyunsaturated fatty acids (PUFAs); however, besides essential n-3 PUFAs, fish are a major source of high-quality protein because of the balanced content in amino acids, especially essential amino acids necessary for physical and mental well-being. 8 Marine fish also provide certain vitamins and minerals such as iodine, selenium and zinc. 9, 10 Fish are classified as either fatty (>10% fat), medium fat (5-10% fat), low fat (2-4% fat) or lean (<2% fat) according to the percentage fat in the muscle. 11, 12 In general, marine fish species are high in n-3 PUFAs, particularly eicosapentaenoic acid (ECP, C20:5n-3) and docosahexaenoic acid (DHA, C22:6n-3), as well as in monoenes such as C18:1n-9, and the saturated fatty acid C16:0 (palmitic acid). The fatty acid profile of marine fish is dependent on their type of diet. Within inshore waters, adult (>75 cm), sub-adult (50-75 cm) and juvenile (25-49 cm) Cape snoek feed mainly on anchovies (Engraulis capensis) and sardines (Sardinops ocellatus), while in offshore waters, adult snoek mainly feed on sardines, round herring (Spratelloides robustus) and hake (Merluccius spp.). 1 In general, fish muscle contains very low quantities of carbohydrates with the percentage carbohydrates, depending on the species of fish, ranging between 0.2% and 1.5% 13 ; this low percentage results in fish muscle obtaining a relatively high post-mortem pH compared to that of mammalian muscle. The pH in fish muscle drops from 7.0 to 6.5 during early post-mortem storage 13, 14 , whereas in bovine muscle, the pH falls to between 5.4 and 5.7 within 24 h post-mortem. The high post-mortem pH content of fish muscle enables the rapid growth of naturally occurring, Gram-negative, pH-sensitive psychrotrophic bacteria, such as Pseudomonas and Shewanella; these bacteria can reach numbers of up to 10 6 -10 8 cfu/g within a few days 13 and result in rapid spoilage of fish.
Few studies have examined the nutritional composition of South African marine fish species. Information available about the nutritional value of raw and cooked Cape snoek is scarce. It is becoming increasingly difficult to put aside the fact that proximate analysis has a fundamental function in the application of various processing methods. Proximate analysis is the determination of major nutrients through assessment of the moisture, ash, crude protein, crude fibre and carbohydrate contents. In addition, proximate analysis makes a critical contribution on raw material quality aspects, sensory evaluations, consumer perception and shelf life. The aim of this study was therefore to determine the proximate and fatty acid compositions of raw and cooked Cape snoek (Thyrsites atun) in order to quantify the nutritional value and make the information available to consumers and processors, for nutritional tables for South African foodstuffs and for academic databases.
Materials and methods

Sample preparation
In total, 10 flecked (eviscerated but not filleted) snoek (Thyrsites atun), caught at Stompneus Bay (Cape Town, South Africa) during the winter month of June, were collected from a fish-processing facility in Brackenfell, Cape Town. The mean weight of the flecked snoek, with head and tail still attached, was 1.93±0.37 kg. The snoek were transported (duration of about 30 min) on ice in cooler boxes to the laboratories of the Department of Animal Sciences, Stellenbosch University (Stellenbosch, South Africa). Muscle samples of 100-200 g were removed from the left and right sides of each flecked snoek at a location from the centre (abdominal area) of each flecked fish such that both dorsal and ventral muscles were sampled. Samples from the left sides were kept raw, while samples from the right sides were placed into a plastic bag and cooked in a water bath at 80 °C (boiling) for 1 h. Thereafter, individual samples were vacuum packed and frozen at -20 °C until proximate and fatty acid analyses were performed.
Proximate analysis
The skin and bones were removed from all tissue samples before the samples were homogenised. All proximate analyses were done in duplicate. Moisture content was determined by drying the homogenised sample in a drying oven at 100 °C for 24 h. The dried samples were allowed to cool in a desiccator for 30 min. The samples were weighed and the moisture content was determined according to the Association of Official Analytical Chemists (AOAC)'s 15 official method 934.01. Crude protein was determined by the Kjeldahl's method on a FP-428 Nitrogen and Protein Determinator (Leco, Saint Joseph, MI, USA). The nitrogen content was multiplied with the appropriate factor (6.2 x N) according to the AOAC 16 official method 992.15. Total lipids were determined by solvent extraction according to the method described by Lee et al. 17 Ash was determined according to the official AOAC 18 method 942.05. Carbohydrates (CHO) were calculated as follows:
CHO (g/100 g) = dry matter -protein -fat -ash, where dry matter is calculated as 100 -moisture content.
Fatty acid analysis
The fatty acid profiles for both the raw and cooked samples were determined by gas chromatography with the following specifications: column, SP-2560, 100 m x 0.25 mm ID, 0.20 µm film (cat no. 24056); oven of 140 °C for 5 min to 240 °C at 4 °C/min; helium at 20 cm/s as carrier gas; FID detector, 260 °C; and injection at 1 µL, 260 °C and split of 100:1. C17:0 was used as the internal standard and to facilitate calculation of the actual amount of individual fatty acids. Fatty acid methyl esters (FAME) were identified by using differences in retention times, compared with the retention time of the standard FAME mixture (Supelco 37 Component FAME mix, C4-C24, cat no. 47885-U, Bellefonte, PA, USA). The fatty acids in grams were calculated and are expressed as a percentage based on the internal standard C17:0.
Statistical analysis
The proximate and fatty acid data were subjected to a one-way analysis of variance using SAS version 9.0 statistical software. Significant differences between means were determined by least significant difference, with a significance level of 0.05.
Results
The proximate composition of raw and cooked Cape snoek muscle is summarised in Table 1 . The mean percentages of (the percentage value is equivalent to g/100 g muscle tissue or meat) moisture, ash, total lipids and protein for raw Cape snoek were 72.8±1.86%, 1.3±0.09%, 4.0±1.16% and 21.5±1.35%, respectively. The carbohydrate content of raw and cooked snoek was calculated as 0.5±0.80% and 0.7±1.60%, respectively. Cape snoek is very high in palmitic acid (C16:0), oleic acid (C18:1n-9c), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) ( Table 2) . Marine fish, in general, are characteristically low in linoleic and linolenic acid, 3 and Cape snoek are no exception with 1.26±0.09% linoleic acid and 0.68±0.07% α-linolenic acid, respectively, for cooked samples (Table 2) . Marine fish species are further characterised by high levels of long-chain n-3 PUFAs and low levels of n-6 fatty acids, which gives them a high n-3:n-6 ratio (or low n-6:n-3 ratio), which is nutritionally seen as beneficial to human health and well-being. 4, 19 Cape snoek samples had very low n-6:n-3 ratios of 0.12±0.04 for raw samples and 0.01±0.01 for cooked samples (Table 2) , making Cape snoek a healthy fish for human consumption.
Cooking the fish at 80 °C significantly (p<0.05) increased the concentration of behenic (C22:0), ligoceric (C24:0), gondoic (C20:1), erucic (C22:1n-9) and homo-g-linolenic (C20:3n-6) acids, ECP and DHA, but not palmitic acid. Similar to results found by Türkkan et al. 20 for baked seabass (Dicentrarchus labrax), the total saturated fatty acid (SFA) content of raw Cape snoek reduced from 36.36±1.67% to 34.29±1.70% for cooked samples (p<0.05; Table 2 ). In contrast, cooking had no significant effect on monounsaturated fatty acids (MUFAs) and PUFAs of snoek samples.
Discussion
Cooked snoek muscle had a significantly lower (p<0.05) moisture content than raw snoek. Cooking methods such as boiling and microwave cooking significantly decrease moisture content in fish muscle. [20] [21] [22] [23] In contrast to the findings of Gokoglu et al. 21 and Türkkan et al. 20 , in which cooked samples had higher ash content than raw samples, cooked snoek samples had a lower ash content than raw samples. The reason for this finding is unclear as, similarly to the studies conducted by Gokoglu et al. 21 and Türkkan et al. 20 , the skin from all snoek samples was removed before proximate analysis was performed. It could be argued that the minerals (ash) leached out during cooking (linked to the ~3% moisture loss experienced; Table 1 ); however, more research is required to quantify this assumption. Similarly to other research studies [20] [21] [22] , cooking (boiling) significantly increased the protein (24.47±1.39% for cooked vs 21.48±1.35% for raw) content of Cape snoek but not the total lipid content (4.34±1.01% for cooked vs 3.99±1.16% for raw). It may be argued that a ~3% moisture loss concentrated the crude protein, carbohydrate and fat contents which thus showed an increase.
According to Koubaa et al. 12 and Huynh and Kitts 11 , fish are classified as fatty (>10% fat), medium fat (5-10% fat), low fat (<5% fat) or lean (<2%) according to the percentage fat in the muscle. With a total lipid content of 4.0±1.16% for raw Cape snoek and 4.3±1.01% for cooked snoek muscle (skin removed), Cape snoek may be classified as a lowfat fish. Cape snoek contains a similar amount of fat (4.0±1.16%) to pink salmon (Oncorhynchus gorbusha) fillets (3.95±0.79%). 11 However, the proximate composition of South African Cape hake (Merluccius capensis) and South African pilchards (Sardinops ocellatus) have not been published and thus a comparison with other economically important South African marine fish species is difficult.
When comparing the protein content of raw Cape snoek to that of the raw muscle of other marine fish species -such as European hake (Merluccius merluccius) with a protein content of 17.88±0.70% 24 , seabass (Dicentrarchus labrax; 18.47±0.43%) 20 and cod (Gadus morhua callarias; 17.4±0.9%) 7 -raw snoek muscle has a high protein content of 21.5±1.35%. Compared with the protein content of freshwater fish species, such as rainbow trout (Oncorhynchus mykiss) with a protein content of 19.80±0.04% 21 , catfish (Clarias gariepinus; 16.24%) 25 and silver catfish (Rhamdia quelen; 15.5±0.19%) 22 , Cape snoek can be seen as a fish with high protein content. It may be hypothesised that the piscivorous diet of Cape snoek may partly contribute to the high protein content of Cape snoek muscle, but European hake is also piscivorous, feeding primarily on blue whiting (Microsmesistius poutassou), poor cod (Trisopterus minutus) and Norway pout (Trisopterus esmarki) 26 , while Cape snoek feeds on crustaceans, cephalopods and small fish such as anchovies and pilchards, as well as round herring and hake (Merluccius spp.) 1 . It must further be kept in mind that the nutritional composition of fish, including the fatty acid composition, is influenced by factors such as season of the year, feeding habits, and sex, age and maturity of the fish. 7, 11, 27, 28 In general, fish muscle contains very low quantities of carbohydrates. The percentage carbohydrates in fish muscle, depending on the species of fish, ranges between 0.2% and 1.5%, 13 resulting in fish muscle having a relatively high post-mortem pH as compared to that of mammalian muscle. The pH in fish muscle drops from 7.0 to 6.5 during early postmortem storage 13, 14 while in bovine muscle the pH falls to ~5.4 within 24 h post-mortem. The carbohydrate contents of raw and cooked snoek were calculated as 0.5±0.80% and 0.7±1.60%, respectively (Table 1 ).
In comparison with other economically important marine fish species, raw Cape snoek muscle has a similar EPA and DHA content as pink salmon muscle (Onchorhynchus gorbuscha; EPA of 8.17±0.78% and DHA of 19.34±1.11%), 11 but lower than that of Pacific hake (Merluccius productus; EPA of 12.91±1.51% and DHA of 22.08±1.28%) and sardine (Sardinops sagax; EPA of 11.43±1.08% and DHA of 32.65±3.44%), making Cape snoek a good source of DHA.
The fatty acid content of the raw Cape snoek was similar to that reported for this species collected off the coast of southeastern Australia, 29 although the reported data were from only three fish. The raw Cape snoek had higher SFA, lower MUFA and similar PUFA content to that from Australia. However, the n-6:n-3 was similar between the two studies (South Africa=0.12; Australia=0.21).
Boiling Cape snoek muscle in water significantly reduced the fatty acid content, while not altering the MUFA and PUFA contents, making cooking in water a healthy option for preparing Cape snoek. In addition, Cape snoek seems to contain a good balance between SFAs, MUFAs, and PUFAs, with a PUFA:SFA ratio of 0.89±0.11 for raw samples and 1.00±0.13 for cooked samples. A PUFA:SFA ratio of ≥0.45 is recommended in the UK.
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Conclusions
Cooking Cape snoek by boiling at 80 °C for 1 h significantly increased the protein content, reduced the moisture and ash contents, and had no effect on the total lipid content of skinless muscle. The proximate composition of Cape snoek has not been published before and it is concluded, from the results of this study, that raw Cape snoek is a medium-fat (5-10% fat) to low-fat (2-4% fat) fish containing less than 4% fat; however, cooking increased (concentrated) the fat content to just above 4%. Cape snoek also has a relatively high protein content compared to other economically important marine fish species, making it a very good source of animal protein. However, further studies are recommended to determine the proximate and fatty acid profile of other economically important South African marine species, such as Cape hake (Merluccius capensis), Cape dory (Zeus capensis) and South African pilchard (Sardinops ocellatus). It is further suggested to determine the total lipid and fatty acid composition of Cape snoek skin, because in many cases the snoek is cooked with the skin intact and/or consumed with the skin. It is also suggested to investigate the effects of different cooking methods on the proximate and fatty acid composition of Cape snoek.
